ABSTRACT
We have made tremendous advances in the earlier diagnosis and treatment of melanoma. Indeed, the early recognition and surgical management of thin primary cutaneous melanoma of <1.00 mm in Breslow's thickness has resulted in a >97% cure rate (1) . For stage III and IV disease, our current treatment options are poor, with response rates well below 20% and only rare long-term responders noted (2-3). This is most clearly highlighted in a recent review by Rosenberg et al. who examined the role of immunotherapy in the treatment of patients with stage IV melanoma over a nine-year period (4) . Overall, 96% of all patients had metastatic melanoma, utilizing a wide array of vaccine strategies including synthetic peptides, naked DNA, dendritic cells (DC) and recombinant viruses in patients with various advanced malignancies. They found that the overall objective response rate, utilizing conventional oncologic criteria for clinical tumor response, was only 2.6%. (4) . By combining the results of the Surgery Branch with the latter trials above, a total of 1,306 vaccine treatments have been given for an overall objective response rate of 3.3%. Such dismal results compel us to take a critical look at our current approach to tumor immunology and immunotherapy, with the intention of improving our current understanding of the complex interactions that occur within the tumor microenvironment. This in turn will provide us with new insight and direction as we design the next generation of vaccines for patients with advanced cancer and in particular melanoma.
ADVANCES IN THE MEDICAL MANAGEMENT OF MELANOMA

IFN-alpha therapy
Interferon-alpha was initially noted to reduce transcription of viral genes in patients with viral infections. Anecdotal evidence suggested it might also produce responses in cancer. The pivotal studies with this cytokine have been conducted by the Eastern Cooperative Oncology Group under the leadership of John Kirkwood (5) . The initial trial, E1684, randomized 280 patients to either interferon given at 1800 million units /m 2 over a year (referred to as high-dose interferon) or to observation (6) . Median overall survival was significantly prolonged at 5 years from 2.8 years to 3.8 years (p=0.023) and relapse-free survival was also significantly prolonged by about one year. The next trial, ECOG 1690, compared high-dose interferon to low-dose interferon to observation in a similar high risk group of adjuvant patients (7) . In this trial, surprisingly, no benefit was seen for survival in either the low-dose or the high-dose interferon arms. This trial caused a great deal of confusion although it was noted at the time that patients relapsing on the observation arm were salvaged with high dose interferon in a significant proportion of cases, thus weakening the overall conclusions.
The next trial, ECOG 1694, compared a vaccine against a ganglioside epitope, GM-2, which had shown promising results in phase I and II clinical trials when compared to a control interferon arm (8) . Again, somewhat surprisingly, this trial was halted by the independent Data Safety and Monitoring Board because the interferon control arm was found to be superior to the vaccine arm. While median survival has not been reported, the risk of dying from melanoma was reduced by 27% in this trial. In addition, a large number of trials have validated this data in Europe, by the EORTC and other multinational groups (9) . These trials have utilized low to moderate interferon dosing regimens in comparison to the above mentioned ECOG trials. These trials have shown a reduction in melanoma recurrence but have failed to show a significant prolongation of overall survival.
While this mass of often contradictory data has been debated, a recent analysis helped put the evidence in perspective. Wheatley and colleagues have recently published an extensive single patient meta-analysis looking at all prospective randomized phase III interferon trials (2). They concluded that while the benefit of interferon in reducing recurrence (26%, p=0.001) was unquestionable, the benefit in terms of overall survival was much smaller than expected, and thus utilizing conventional statistical analysis resulted in a failure to achieve statistical significance (15% reduction in risk of death, p=0.06). In summary, the interferon data shows a relatively small degree of benefit for stage III melanoma patients. It should also be noted that Interferon has a tremendous cost associated with its use, in addition to a many possible adverse side effects and toxicities. This added component often makes the discussion to treat patients with Interferon even more difficult.
High-dose interleukin-2 therapy
It is well established that the use of high-dose intravenous interleukin-2 (IL-2) for the treatment of patients with advanced melanoma and renal cell cancer resulted in an infrequent but durable complete response, consistent with the activation of the host immune system and subsequent tumor eradication. As a result of such compelling clinical responses, IL-2 has become a mainstay of treatment, either alone, or as part of numerous drug, vaccination, and lymphocyte infusion combinations in clinical trials. There is currently a wide spectrum of dosing schedules and regimens for IL-2 therapy, with the current standard used by most oncologists being 600,000 to 720,000 IU/kg/dose, given at 8-hour intervals for 14 planned doses repeated twice over an 8 week period. Although the optimal dosing schedule resulting in the best clinical response is currently unknown, previous data would suggest that the higher dose regimens as well as the number of total doses received correlates best with clinical response. Several groups have begun to look at alternative dosing strategies to achieve an increased drug tolerance and tolerability profile, such as the continuous infusion of IL-2 (18 mIU/m 2 /day) over an extended period of 72 hours (10). Although there are no long-term clinical results yet available, this infusion regimen seems to allow for more IL-2 doses to be administered in a sequential fashion with improved tolerability.
One unique immunotherapeutic approach to IL-2 treatment has been the transduction of the IL-2 gene into human melanoma-specific lymphocytes followed by autologous infusion of the gene-modified lymphocytes. This has been shown to result in the autocrine maintenance of the cytotoxic T-cells in the absence of exogenous IL-2 (11) . Others have performed the simultaneous transduction of the IL-2 gene and the B7-1 co-stimulatory molecule gene in an attempt to enhance the stimulatory activities of anti-tumor lymphocytes (12) . Both of these strategies are still in the experimental stages of development. One of the major immunologic effects of IL-2 on the immune system is to expand the total number of T-lymphocytes (CD4+ and CD8+) and to prevent lymphocyte apoptosis. Additionally, we are beginning to understand a key role of IL-2, which is to provide the appropriate cytokine milieu necessary to overcome tumor-induced immune tolerance. This process is still largely unknown; however, studies are beginning to examine the molecular and genetic mechanisms involved in this complex interaction between the tumor and the host immune response. For the time being, IL-2 therapy remains the primary treatment modality for patients with stage IV melanoma, despite the relatively low overall response rate of about 18% (9% partial response, 8% complete response). One may anticipate that improved vaccination strategies will continue to integrate IL-2 therapy into a combined approach to treatment with a potential synergistic effect to therapy.
Novel Chemotherapeutic Agents
As we have noted above, standard treatment regimens for metastatic melanoma rely heavily on the atypical alkylating agent dacarbazine. This drug was approved almost 3 decades ago by the Food and Drug Administration, based on data showing responses in 10-20% of patients with melanoma (13) . However, dacarbazine has several disadvantages that include its lack of central nervous system penetration and lack of synergy with other chemotherapeutic agents. A novel compound, temozolomide, was developed that was thought to have the advantage of crossing effectively the blood-brain barrier. Temozolomide is an orally bioavailable agent that nonenzymatically converts at physiologic pH to the active drug methyl-thio-imidocarbazole (14) . The prodrug, temozolomide, can effectively cross the blood-brain barrier prior to its conversion to the active drug with appreciable CNS activity seen with this agent. A recently published phase III trial by Stupp and colleagues showed that temozolomide significantly improves the survival of patients with glioma when combined with radiation therapy (15) . Temozolomide has also been shown to be effective in melanoma patients with known brain metastases and is widely used for this purpose (16) . The combination of temozolomide, when combined with a second agent, thalidomide, has shown promising activity in stage IV melanoma patients with CNS involvement (17) .
Another disadvantage of current dacarbazine based regimens is the lack of additive and/or synergistic activity with these combinations. For instance, the "Dartmouth" regimen (dacarbazine, BCNU, cisplatin) was shown to be no more effective than dacarbazine alone (18) . Furthermore, several such "biochemotherapy" regimens were also shown to be no better than combination chemotherapy alone (19) . In a recent trial, Daud et al. showed that the topoisomerase I inhibitor, karenitecin, showed intriguing activity, even in patients with heavily pretreated melanoma (20) . While one complete response was reported out of 43 evaluable patients, up to 33% of all patients had stable disease, sometimes for prolonged periods of time, even when they had previously progressed on other therapies. Currently, a trial with this drug combined with a molecularly targeted agent (histone deacetylase inhibitor) is underway.
TARGETED THERAPY FOR MELANOMA
There have been many new and exciting compounds that have focused on a "targeted" approach to the immunotherapy of melanoma. Many of the compounds are currently being tested in phase I and II clinical trials and it is clearly too soon to tell if such agents have significant safety and efficacy for advanced melanoma patients. Nonetheless, there has been some reserved optimism for a few of these compounds. We will discuss just a few of these compounds and molecular targets below.
Denileukin Diftitox (ONTAK)
The expression of the CD25 receptor (a-chain of the trimeric IL-2 receptor) on CD4+ T-cells has been identified as a marker of suppressor cells in murine models (21) . These immune lymphocytes have been termed CD4+CD25+ regulatory cells (Tregs), playing a critical role in immune tolerance and the control of autoimmunity. Tregs have been shown to inhibit harmful autoimmune Tcells in a contact-dependent and cytokine-independent mechanism. Consequently, it is hypothesized that Tregs may also impair anti-tumor immune responses that are known to be directed at least in part against auto-antigens expressed by tumor cells. A study by Javia et al. analyzed patients with metastatic melanoma undergoing immunizations with known melanoma antigens and found that anergic and functionally suppressive Tregs exist and may play a vital role in modifying the magnitude of the Tcell response to immunization (22) . Similar studies have recently extended these findings to isolated CD4+CD25+ tumor infiltrating lymphocytes from non-small cell lung cancer, supporting the potential inhibitory activity these cells may have upon the anti-tumor immune response (23, 24) . Others have found that Tregs were markedly overrepresented in metastatic lymph nodes containing melanoma, with a 2-fold increased frequency compared with both tumor-free lymph nodes and autologous peripheral blood mononuclear cells (25) .
Denileukin diftitox (ONTAK) is a recombinant DNA-derived cytotoxic protein composed of the amino acid sequences for diptheria toxin fragments A and B, followed by the sequences for IL-2. Thus, it is a fusion protein designed to direct the cytocidal action of diptheria toxin to cells that express the IL-2 receptor (21) . The human IL-2 receptor exists in three forms, low (CD25), intermediate (CD122/132) and high (CD25/CD122/CD132) affinity. Ex vivo studies suggest that ONTAK interacts primarily with the high affinity IL-2 receptor on the cell surface and inhibits cellular protein synthesis, resulting in cell death within hours. It has been shown that ONTAK only requires 35-50 high affinity receptors per cell to bind, internalize and cause apoptosis. Although the high affinity IL-2 receptor is found primarily on activated B-cells, Tlymphocytes and macrophages, it also is expressed on malignant cells of hematologic and solid tumor origin, including melanoma (21) .
Recent data strongly suggests that Tregs play a critical role in the regulation of the host immune response. The specific regulatory mechanisms are still not entirely clear, however, data suggests that Tregs limit the overall activation of the immune response that involves the innate and cell-mediated arms. It has been hypothesized that the elimination of Tregs prior to the immunotherapy of patients with metastatic disease may eliminate the intrinsic mechanism of immune regulation and result in a more robust and complete activation of the immune system against established and growing tumor. Shimizu et al. showed that removal of Tregs was able to abrogate immunological unresponsiveness to syngeneic tumors in vivo and in vitro, leading to spontaneous development of tumor-specific effector cells as well as tumor non-specific ones (26) .. However, the limited removal of Tregs was not sufficient to obtain a lasting complete response of established tumor, and further experiments revealed that cyclophosphamide administration followed 7 days later by active immunotherapy (intradermal injection of tumor cells with BCG) resulted in a complete tumor regression of established tumors (27) . Others have shown that the selective and dose-dependent depletion of Tregs in humans with ONTAK resulted in an enhanced anti-tumor immunity, without negatively impacting on the T-helper (CD25-) cells or CD8 and memory T-cells (28) . Furthermore, human trials have revealed that the selective depletion of Tregs in patients with cutaneous T-cell lymphoma results in response rates in the 30-40% range (29) .
There have been some exciting preliminary reports examining the utility of ONTAK in the treatment of human cancer. Vieweg et al. recently presented their data on the enhancement of anti-tumor immunity following depletion of Tregs in patients with renal cell carcinoma (30) . A phase I trial was performed in patients who received a single dose of ONTAK followed by vaccination with total tumor RNA-transfected DC. They showed that Tregs expressing the high affinity receptor were selectively eliminated in a dose-dependent manner, without bystander toxicity to CD25-lymphocytes or those T-cells that expressed the intermediate receptor/memory/effector T-cell pool, as evidenced by ELISPOT and proliferation assays (30) . Additionally, the depletion of Tregs followed by vaccination with tumor RNA-transfected DC reproducibly led to improved stimulation of tumor specific T-cells when compared to vaccination alone.. This early trial has shed important light upon the role of Tregs in immune regulation and furthermore, the selective depletion of Tregs can result in an enhanced magnitude of the overall cell-mediated immune response to solid tumors as part of a vaccination strategy utilizing DC.
Others have shown that patients with advanced (stage III and IV) ovarian carcinoma can selectively and specifically recruit regulatory T-cells to the tumor cell microenvironment and ascites in response to the tumormediated secretion of the chemokine CCL22, which mediates trafficking Tregs to the tumor (31). Importantly, it was shown that the mere accumulation of Tregs at the tumor site predicted a poor survival in individuals with ovarian cancer, highlighting the powerful immunosuppressive effects of the Tregs upon the remaining cells of the immune system. Such depletion of Tregs has important and profound implications in the design of future immunotherapy trials for solid tumor malignancies such as melanoma.
Protein Kinase Inhibition (Sorafenib, BAY43-9006)
Sorafenib (BAY43-9006) is an orally administered protein kinase inhibitor that is a potent inhibitor of the B-Raf kinase that is frequently mutated in melanoma. Administered alone, sorafenib had relatively little activity in metastatic melanoma, with only one partial response among 20 patients treated on a phase II trial (32) . However, when combined with cytotoxic chemotherapy using carboplatin and paclitaxel, a high number of responses were seen with 11 partial responses among 35 melanoma patients treated (31%), plus 19 more patients with stable disease. Interestingly, these results seem far better than what would be expected from treatment with either agent alone. Thus, a phase III trial to examine the contribution of sorafenib to this chemotherapy combination is presently in the planning stages.
STAT-3 as a novel target for melanoma
Recent studies point to the Signal Transducer and Activator of Transcription (STAT) pathway as a potentially promising new target for melanoma therapy (33) . The STAT family of proteins comprises transcription factors that are activated in the cytoplasm by tyrosine phosphorylation in response to cytokine or growth factor engagement of cell surface receptors (34, 35) . Upon tyrosine phosphorylation, activated STAT dimers translocate to the nucleus and bind directly to the promoters of genes that regulate fundamental biological processes (34, 35) . Some of the genes that are regulated by STAT proteins include those involved in controlling apoptosis, cell cycle progression, angiogenesis and immune responses (36, 37) . In contrast to normal cells, where STAT proteins are tightly regulated, tumor cells often harbor persistently activated STAT proteins, leading to continuous deregulation of gene expression (33, (37) (38) (39) . Among the STAT family of proteins, STAT3 and STAT5 are the most frequently activated in human tumors of diverse origin, including melanoma, breast and prostate cancer, multiple myeloma, head and neck squamous cell carcinoma, leukemias and lymphomas (33, 36, 37, 40, 41) . Persistent STAT activation in tumor cells leads to resistance to apoptosis, stimulation of cell cycle progression, enhanced tumor angiogenesis, and immune evasion (33) .
In human melanoma cell lines and tumors, STAT3 is the predominant family member that is persistently activated (42) . The first studies to establish Stat3 as a promising target for cancer therapy were performed in an immunocompetent, syngeneic mouse model of melanoma. In these studies, gene therapy with a dominant-negative form of Stat3 resulted in tumor regression accompanied by massive tumor cell apoptosis (42) . Since only a small fraction of the tumor cells received the STAT3 gene therapy, this massive tumor cell apoptosis led Yu and colleagues to postulate that blocking STAT3 in tumor cells induced a "bystander effect" involving an immune response to tumor cells, including those that did not receive the STAT3 gene therapy (43) . Further investigation revealed that STAT3 activation in tumor cells suppresses expression of proinflammatory mediators of immune response (44) . Moreover, activated STAT3 signaling in tumor cells leads to production of soluble factors that inhibit dendritic cell (DC) maturation (44) . Conversely, blocking STAT3 activity in tumor cells induces expression of proinflammatory cytokines and chemokines that activate DCs and innate immunity, resulting in tumor-specific T-cell responses.
Thus, persistent STAT3 activation in tumor cells can mediate immune evasion by blocking the production of inflammatory signals in the immune system. These findings suggest that inhibition of STAT3 signaling in tumor cells may result in more effective antitumor immune responses (33, 44) .
Small-molecule inhibitors of STAT3 are currently under development for potential treatment of human cancer, including melanoma (33) . These inhibitors selectively block dimerization and DNA binding of STAT3, thereby preventing STAT3-mediated gene regulation and its biological consequences (45, 46) . These studies have provided proof-of-principle that small molecules can disrupt STAT3 activity directly in tumor cells and provide therapeutic benefit.
One of the advantages of targeting STAT3 is that this signaling pathway provides a point of convergence downstream of many cytokine and growth factor receptors that are frequently activated in cancer (33) . However, STAT3 inhibitors are still in the research phase and are not yet ready for clinical development.
In the mean time, inhibitors of tyrosine kinases that signal through STAT3, such as EGF receptor and Src kinases, may provide therapeutic benefit, at least in part by blocking STAT3 signaling. Due to the ability of STAT3 to promote tumor cell immune evasion, inhibitors of this pathway may prove to be effective in enhancing antitumor immune responses when combined with immunotherapy approaches in melanoma. This is an exciting area of future investigation with inhibitors of tyrosine kinases upstream of STAT3 signaling as well as direct inhibitors of STAT3 protein.
BCL-2 Antisense Oligonucleotide (Oblimersen, Genasense, Genta)
Antisense oligonucleotides represents a novel, targeted immunotherapeutic approach to treating patients with metastatic melanoma. They are short sequences of synthetic DNA engineered to bind to specific RNA sequences and prevent their translation into proteins. Highly specific inhibitory antisense oligonucleotides can be made for virtually any known gene, even if it would be very difficult to create a specific pharmacologic inhibitor of the gene product. Millward and colleagues described such an approach using antisense oligonucleotides directed against the anti-apoptotic protein, BCL-2, in an attempt to improve the response to chemotherapy by overcoming the inherent resistance of melanoma cells to apoptosis (47) . The first such therapeutic agent is oblimersen, a BCL-2 antisense oligonucleotide, examined in a randomized phase III trial that compared dacarbazine alone to dacarbazine plus oblimersen (47) . This large trial involved 771 patients randomized to either dacarbazine alone or the same dose of dacarbazine given the day after a five-day continuous infusion of oblimersen. Dacarbazine alone had an overall objective response rate of 6.8%, compared to the combination of dacarbazine with oblimersen with an overall response rate of 11.7%. Although there was no difference noted in median survival noted, these results provide some evidence that the addition of oblimersen enhanced the anti-melanoma activity of dacarbazine.
CTLA-4 Blockade
One mechanism of immune regulation is through the CTLA4 protein. This protein becomes expressed on the surface of T cells after activation, and it sends a negative signal back to the cell that eventually shuts off the activated state. (48) . There were 3 objective responses, two of which were a complete regression of all disease and one patient with a partial regression. An additional six patients developed a prolonged stabilization of their tumors. There were some transient side effects noted in the treatment groops, however, these results appear to promising.
A second anti-CTLA4 antibody, MDX-010, is currently being tested in both phase I and II clinical trials. Early results have seen some anti-tumor responses, particularly in patients previously treated with vaccines. It appears that a response to therapy is closely associated to the development of autoimmune toxicity. Recently, Hersh and colleagues presented the results of a randomized phase II trial of 76 patients randomized to MDX-010 injections once per month alone (for four months) or combined with dacarbazine (49). Autoimmune-type side effects were again noted, most commonly diarrhea, colitis and dermatitis. A total of two patients had partial responses to the antibody alone and five patients had responses (one complete) to the combination. Several more patients on both arms had stable disease. These results confirm the activity of the MDX-010 antibody as a single agent, and suggest the possibility that combinations of antibody plus chemotherapy, or other immunostimulants, may also be useful.
Failure of the host immune response to melanoma
There are many potential barriers to overcome in the design and implementation of a successful immunotherapeutic approach to treatment, ranging from tumor cell escape phenomenon to tumor-induced immunosuppression. Tumor cells may lose or downregulate either the melanoma associated antigens or MHC molecules. Additionally, tumor cells may produce a variety of immunosuppressive factors such as interleukin-10, VEGF and transforming growth factor. These factors create an inherently unfavorable microenvironment that limits the host immune response, in addition to tolerizing the T-cell response to established tumor. Another potential barrier may be due to an intrinsic inefficiency of DC whereby the appropriate co-stimulatory molecules are not being presented on the cell surface. Addition possibilities include tumor-related alterations in T-cell signaling and a skewing of the immune response from a Th1 (immunoactivating) to a Th2 response (immunotolerant).Such complex processes of tumor cell escape and immune tolerance are still not completely understood, adding to the seemingly slow process of developing effective therapies for patients with metastatic melanoma.
4.
RECENT ADVANCES IN THE IMMUNOTHERAPY OF MELANOMA
Tumor cell-based vaccines
Tumor cell-based vaccines are able to stimulate the host immune response through a number of possible different mechanisms. The two major proposed pathways of host immune cell activation are either by the direct migration of the tumor cells to the draining lymph node basin after injection, or possibly by the uptake of apoptotic or necrotic tumor cells by host DC's located within the skin (50) . The latter pathway results in subsequent antigenic processing and migration of the DC to the draining lymph node basin. Still others would support the concept that it is essential that intact tumor cells have access to secondary lymphoid organs for the development of a strong and effective anti-tumor response (51, 52) . There is also data to support the concept that tumor cells are able to directly prime the immune system upon migration to the lymphoid tissue, albeit with the necessary co-stimulatory molecules residing on the tumor cell surface (53, 54) . There are recent data to suggest that multiple such mechanisms may occur simultaneously, in addition to other possible mechanisms that are independent of anti-tumor cytotoxic T-cells (55, 56).
Whether autologous or allogeneic whole tumor cells are being used, presumably they are providing the appropriate antigenic stimulus to the host immune system. However, they may not necessarily stimulate a potent enough signal, and even more importantly, may have tolerized the host immune system. Even though recent data suggest that tumor-cell associated antigens are crosspresented to cytotoxic T-cells 50,000X more efficiently than soluble antigen, it has become clear that this is still an insufficient mechanism for causing tumor regression in most instances (57) . Thus, it may not be ultimately important as to whether whole, irradiated tumor cells or tumor cell lysates are being utilized as the appropriate antigenic stimulus for a melanoma vaccine. It seems that the mechanism of tumor cell death, whether apoptotic or necrotic, has a more important role in guiding the immune response to one of activation or tolerance.
There have been several clinical trials showing that both autologous and allogeneic tumor cell-based vaccines can be given safely with few adverse side effects. The most extensively studied tumor cell-based vaccine is a polyvalent, antigen-rich whole cell vaccine called Canvaxin™ (CancerVax Corp., Carlsbad, CA). Canvaxin is derived from three melanoma cell lines that contain over 20 immunogenic melanoma tumor antigens (58) ..One potential advantage of this particular vaccine is the wide array of HLA haplotypes represented, covering over 95% of all melanoma patients and therefore it is not necessary to match patients according to their HLA profile. However, several small, single-institution phase I and II clinical trials of Canvaxin have shown only minimal clinical benefit in most patients (58) . The rare complete responder to Canvaxin therapy has prompted the initiation of two multicenter phase III randomized trials of Canvaxin therapy in 1998. In these trials, patients who have undergone complete resection of regional (stage III) or distant (stage IV) metastatic melanoma receive postoperative adjuvant immunotherapy with Canvaxin plus BCG or BCG alone. Recently, it has been reported that the Stage IV melanoma trial has been halted for lack of efficacy; the Stage III melanoma trial is still ongoing. Based largely upon these former results and the clinical results of other phase III trials, the Southwest Oncology Group (SWOG) has completed accrual to a phase III observation controlled trial of Melacine in patients with intermediate thickness (1.5 to 4 mm) or Clark's level IV melanoma lesions and clinically negative regional lymph nodes (T3N0M0, SWOG-9035). The results revealed no evidence of a benefit from Melacine in patients with intermediate thickness melanoma (61) . However, on subgroup analysis, it was found that patients who expressed 2 or more of the HLA class I antigens (HLA-A2, A28, B44, B45, C3) had a far superior 5-year relapse free survival than those in the observation arm with the same expression pattern (83% vs. 59%; p=0.0005) (14) . Even more striking was the finding that vaccinated patients who expressed HLA-A2 or C3 or both antigens had a statistically significant improvement in overall survival compared to the observation arm patients (62) .
Other studies have focused on the utilization of autologous tumor cell vaccines as the foundation for an effective adjuvant treatment strategy. Dillman et al. vaccinated 66 melanoma patients (33 with measurable disease at the time of vaccination, 33 who had no evidence of disease) with autologous tumor cell vaccines on a once a week schedule for three weeks followed by monthly injections for an additional 5 months (63) . Objective tumor responses were noted in 12% of patients (3/26), with one complete response and two partial responses. At a followup of >5 years, the median overall and 5-year survival was 40 months and 39%, respectively, compared to an average response rate of 8.6 months and 10% for patients with metastatic disease without treatment. Among patients who were without evidence of disease when treatment started, the 12 patients whose DTH converted to positive with intradermal vaccination with autologous, irradiated tumor cells had a median survival of 61.4 months with a 5-year survival of 63%, compared to 9.7 months and 0% for the 13 non-converters. This, as well as other studies, has shown an improved survival for patients who convert their DTH test compared to those that do not convert (63) (64) (65) (66) (67) (68) .
Autologous tumor cells can also be modified with the hapten, dinitrophenol (DNP), in an attempt to increase the immunogenicity of the vaccine. Such an approach has been examined in combination with low dose cyclophosphamide prior to vaccine administration (69, 70) . In his update of 83 patients treated with this vaccine strategy, Berd et al report a clinical response rate in 11/83 (13%) patients, including 2 complete responses, 4 partial responses, and 5 mixed responses (69) . Two additional patients were judged to have stable disease. He also showed that the induction of a DTH response to autologous, unmodified tumor cells was a significant and independent predictor of survival, both in patients with measurable metastases and in the post-surgical adjuvant setting.
Lotem et al. describe the use of autologous tumor cells procured from tumor samples, subsequently expanded in vitro, conjugated to DNP and given intradermally in combination with bacillus Calmette-Guerin (BCG) (71) . The treatment schedule also included low dose cyclophosphamide at various intervals during treatment. A total of 43 patients with resected metastatic melanoma were treated, revealing that both disease free survival and overall survival correlate with the intensity of evolving DTH to unmodified tumor cells. Patients with a DTH reaction of greater than 10 mm had a median disease free survival of 17 months (mean of 35 months) with a mean overall survival of 63 months (median not yet reached). In stark contrast to this, patients with a negative or weak DTH had a median disease free survival of only 9 months with an overall survival of 16 months. It is clear from such studies that both autologous and allogenic tumor cell vaccines exhibit some therapeutic efficacy with few adverse side effects...
Peptide-Based Vaccines
Recent advances in our understanding of the cellular and immunologic mechanisms that occur within the tumor microenvironment have resulted in the development and administration of experimental peptide vaccines in humans. There are several known melanoma differentiation antigens known to be involved in the synthesis of melanin and recognized by melanoma-reactive T cells. Such peptide antigens include gp100, MART-1/Melan-A, tyrosinase, TRP-1 and TRP-2, NY-ESO-1 and the MAGE antigens, to name a few. These melanoma/melanocyte antigens represent non-mutated differentiation antigens that are expressed by the majority of melanoma cells and have been readily identified by various T-cell populations of the host immune system in an HLA-restricted fashion. The identification of the genes encoding cancer antigens has been achieved through innovative strategies that have resulted in the discovery and utilization of the peptide epitopes derived from these genes.
Most clinical studies utilizing peptide basedvaccines have been associated with few adverse side effects. Rosenberg et al. vaccinated stage IV melanoma patients subcutaneously every three weeks with a modified immunodominant peptide of the gp100 antigen, g209-2M (72) . Following two immunizations, 10 of 11 (91%) of patients showed a consistently high level of immunization against the native g209 peptide, but not against the control peptide g280-288.. Clinically, one of nine patients who received the g209 peptide in IFA experienced an objective cancer regression that lasted 4 months. Three of the eleven patients exhibited mixed responses with complete or partial regression of several lesions. All patients in this study however eventually went on to develop progressive disease.
A critical aspect of treating patients with peptide vaccines is the selection of patients for therapy based upon the melanoma antigen expression within the tumor nodule. It is well established that synchronous lesions of patients with metastatic melanoma represent distinct entities in terms of their heterogeneous expression of tumor antigens (73) . Data suggest that most tumor cell lines established from fine needle aspiration biopsies of patients with metastatic melanoma exhibit a relatively homogeneous coexpression of MART-1 and tyrosinase, with a much more heterogeneous expression of other tumor antigens, such as gp100, NY-ESO 1 and the MAGE antigens (74) . Thus, caution should be applied to utilizing vaccines that are designed to only elicit a cytotoxic T-cell response exclusively against a single tumor antigen, due to the fact that most, if not all, melanoma tumors are heterogeneous in their antigenic profile. Thus, it seems to be the homogeneity of melanoma antigen expression that may dictate whether the proper recognition occurs by the host immune system. Indeed, a recent review from Rosenberg's group analyzing 28 different peptide-based vaccines utilized in stage IV melanoma patients highlights the lack of effectiveness with this approach. A total of 381 patients were treated with 370 patients showing no response, 9 patients showing a partial response and 2 patients with a complete response, for an overall objective response rate of only 2.9% (4).
The vaccination of patients with metastatic melanoma with multiple peptides may possibly overcome such problems of tumor cell antigenic heterogeneity, preventing the development of antigen-loss variants in vivo. It would seem to make inherent sense to optimize the induction of clinically relevant immune responses by multipeptide intradermal vaccination. A recent randomized phase II trial was performed in 26 patients with metastatic melanoma, vaccinating with four melanoma peptides (administered with GM-CSF, Montanide ISA-51 and tetanus helper peptide) or with peptides pulsed onto monocyte-derived DC (75) . Although a high level of specific T-cell responses were noted (in 42% of the peripheral blood, 80% of sentinel lymph nodes), only two patients in the GM-CSF arm had a clinical response and only one patient in the DC arm.
Slingluff et al. presented their data on the immunological results of a phase II randomized trial of a multi-peptide vaccine for melanoma (76) . In this study of 51 patients with resected high-risk melanoma, the vaccination consisted of either 4 (Arm 1) or 12 (Arm 2) peptides derived from the genes for tyrosinase, MAGE and gp100 combined with a tetanus helper peptide, Montanide ISA-51 and GM-CSF. Immunologic responses were analyzed from peripheral blood lymphocytes and in the immunized sentinel nodes, with the T-cell responses examined by IFN-K ELISPOT assay after one in vitro sensitization. The data for 31 patients revealed an immune response in 11/14 (79%) patients in arm 1 and in 17/17 patients (100%) in arm 2. Although no clinical follow-up is yet available, this study provides evidence that multiple peptides can be administered safely while maintaining their immunogenicity despite HLA-restricted peptide competition.
Peptide-based vaccines and other immunotherapeutic strategies have convincingly illustrated that an "immunologic response" to therapy is achievable in most cases. However, there is no study to date that has clearly shown a direct correlation between an immunologic response to therapy (immune cell activation) and a clinical response (regression of established tumor). This lack of correlation has been the shortcoming of most trials in terms of explaining why certain patients respond and others do not. Indeed, many peptide based-vaccinations have resulted in a significant increase in the number of lymphocyte precursors reactive against a variety of tumor differentiation antigens, with no concomitant evidence of clinical tumor regression noted in the vast majority of patients treated with immunotherapy.
Dendritic Cell-Based Vaccines
The dendritic cell plays a central role in immune mediation and represents a potent antigen presenting cell that has the ability to stimulate anti-tumor immune responses in both animals and humans. Studies have shown that the relatively immature DC can effectively "crosspresent" tumor-associated antigens to cytotoxic CD8+ T cells, which was not a feature of either macrophages or mature DC (77) . It is clear that when relatively immature DC in the skin are triggered to enter afferent lymphatic channels, this migrating pathway also initiates a phenotypic conversion that has profound immunological consequences (78) . The matured DC is then capable of forming stable MHC class II-peptide complexes available to activate antigen-specific CD4+ T cells (79) (80) (81) .
The first published clinical trial of DC vaccination was in 1995 and has since been followed by 98 additional clinical trials describing more than 1,000 DCbased vaccines performed in 15 different countries (82) . Twenty-eight trials focused on patients with various advanced stages of melanoma. The safety profile was again noted to be quite remarkable; however, despite the treatment of over 1,000 patients with DC-based vaccines, there still appears to be only limited effectiveness. Most DC trials for melanoma have convincingly shown that both immature and mature DC can be administered to patients safely with few adverse side effects. The autologous DC can then be pulsed in vitro with either whole irradiated, autologous tumor cells or tumor cell lysate. Once the tumor cells are "fed" to the DC in vitro, the apoptotic or necrotic cells are then processed and tumor-specific peptide antigens are then transported to the surface in both an MHC class I-and IIrestricted fashion. The administration of DC via various routes of vaccination (intradermal, intranodal and intravenous) is also feasible, although the optimal route of administration remains unknown.
Despite the low overall response rate, it is worth highlighting a select few DC-based trials over the last ten years. One of the most successful DC-based trials for patients with advanced, metastatic melanoma was reported by Nestle et al. (83) . He used DC subsequently pulsed with either tumor cell lysate or multiple HLA-matched peptides injected intranodally. This trial involved 16 patients with metastatic melanoma who were immunized on an outpatient basis, utilizing real-time duplex ultrasound to visualize the delivery of the vaccine directly into the lymph node. Overall, 5 of 16 patients experienced an objective response, 2 complete and 3 partial responses. Of particular note was the durability of the clinical responses, with the 2 complete responders remaining free of disease for over 15 months at the time of initial publication.
Chang et al. have recently described a phase I trial of tumor lysate-pulsed DC in the treatment of a variety of advanced cancers (84). There were 14 patients in the trial, eleven with metastatic melanoma, 2 with metastatic colorectal cancer and 1 with neuroblastoma. The trial involved the intradermal administration of autologous tumor lysate-pulsed DC within cohorts of patients receiving 106, 107 and 108 DC. The DC were pulsed with autologous tumor lysate and keyhole limpet hemocyanin (KLH) every 2 weeks for a total of three vaccinations. Due to the known safety and lack of adverse side effects associated with the vaccination, all patients were treated in an outpatient setting and returned home the same day. A total of fourteen patients completed the trial and received all three vaccines every two weeks. Again, an immunologic response to therapy was noted in the majority of treated patients with the local accumulation of CD4+ and CD8+ Tcells at the vaccination sites. Of the 14 patients completing the trial, one patient experienced a partial response and one had a minor response, with 13 of 14 patients ultimately developing progressive disease.
Others have recently reported the results of their pilot, phase I study in 10 patients with stage IV metastatic melanoma (85) . All patients were vaccinated with 1x10 7 DC pulsed with autologous tumor cell lysate in combination with low dose IL-2 for a total of 10 weeks. There were no significant adverse side effects noted (localized skin reaction, mild fever) with 3 patients showing a potential therapeutic effect to therapy (one patient with stable disease, two patients with a mixed response) and seven patients with progression of their disease.
Recently, Schadendorf et al. completed a prospective, randomized phase III clinical trial that analyzed the therapeutic effects of an autologous peptidepulsed DC-based vaccine in patients with stage IV melanoma compared to standard chemotherapy with DTIC alone (86) . The results revealed that the overall response in the vaccine group was 3.8% compared to 5.5% in the DTIC group, with no statistically significant differences noted in response, toxicity, overall and progression-free survival between the two groups. The median time to progression was 2.8 months versus 3.2 months, respectively, and the median survival was 11 months for the DTIC arm but only 9 months for the vaccine arm. Although disappointing, several new avenues of DC-based immunotherapy are actively being pursued and in various stages of development, focusing on different ways to enhance the therapeutic efficacy of DC in combination with various immunoadjuvants and other anti-cancer agents.
Immunoadjuvants in Vaccine Therapy
It has become apparent that in order to increase the overall immunogenicity of the tumor cell vaccine, it will most likely require the aid of an immunologic adjuvant. An adjuvant is an immunopotentiator, that when added to a vaccine, will enhance the immunogenicity of the antigen, with the stimulation of both arms of the immune system. This response can be both humoral and cell mediated, either alone or in combination with a vaccine preparation. Several adjuvants have been utilized in human trials, such as IFA, BCG, and KLH in an attempt to enhance the immunogenicity of such a vaccine. However, we have little knowledge as to the exact mechanisms by which they work, with many questions still unanswered as to their interactions with the tumor cell-based vaccine and how an effective anti-tumor immune response is generated.
As early as 1891, it was the pioneering work of a New York surgeon, William B. Coley, who established the original observation that certain cancer patients who develop concurrent bacterial infections would experience concomitant remissions of their malignant disease. He further performed groundbreaking experimental immunotherapy by vaccinating patients with inoperable sarcoma with the mixed toxins of erysipelas and bacillus prodigiosus (87) . Such important historical and early observations have carried over into the development and clinical use of several well-known immunoadjuvants.
A somewhat novel use of an old concept has been the utility of unmethylated CpG motifs, present in most bacteria but not present in the genome of vertebrates. Oligodeoxynucleotides that contain CpG motifs activate both the innate and adaptive host immune system of vertebrates, providing a powerful "danger signal" with resultant immune cell activation. Cells of the innate immune system, such as DC, macrophages, monocytes, and neutrophils, must be activated in order to trigger the generation of optimal adaptive immune responses. This requires a set of pattern recognition receptors present on such cells that subsequently trigger T-cell activation upon the proper recognition of conserved microbial-specific molecules. The CpG motifs provide a unique signal that initiates a cascade of intracellular events that result in the activation of numerous cells of the immune system, as well as the secretion of antibody molecules and specific cytokines that cause activation and enhancement of host adaptive immunity (88) . The use of a TLR agonist, such as CpG, appears promising for the development of novel immunoadjuvants in vaccine design. However, this should be approached with some caution for several reasons. First, the expression of the specific TLR9 ligand for CpG is uniquely limited to a small subset of DC in humans called plasmacytoid DC. Indeed, the majority of human DC trials utilize a myeloidderived, interstitial-like DC, lacking the TLR-9 receptor completely. Thus, although it can be hypothesized that CpG monotherapy may activate plasmacytoid DC in vivo, it is unclear if combining CpG as an immunoadjuvant will add to a DC-based vaccine as currently administered. Secondly, recent data suggest that human plasmacytoid DC activated by CpG induce the generation of CD4+CD25+ regulatory T-cells, known to play an important role in the maintenance of immunological tolerance and immune suppressive function (97) . Lastly, we do not yet fully understand the interactions of such an immunotherapeutic approach in terms of tumor tolerance and the development of autoimmune phenomenon as a result of such a vaccination strategy.
DNA Vaccines/Recombinant Viral Vectors
DNA vaccines have been shown to induce longlasting immunity against infectious agents and protection from tumor outgrowth in several animal models (98) (99) (100) (101) . Likewise, intramuscular injections of DNA vaccines (composed of naked DNA expression plasmids) into humans have also resulted in the development of an immunologic response (102, 103) . It is hypothesized that one mechanism of tumor antigen expression may involve the DNA vaccine introducing the appropriate genes into DC for subsequent processing and presentation to the host immune system. One of the obvious advantages of DNA vaccinations is that they can be administered to patients regardless of HLA-phenotype and without identifying immunogenic epitopes.
In a phase I clinical trial, patients with metastatic melanoma were vaccinated intramuscularly with a plasmid DNA encoding the gp100 melanoma associated antigen (104) . The results revealed that none of the patients developed an enhanced T-cell response in response to vaccination, all developing progressive disease. This trial illustrates that vaccination with DNA expressing unaltered "self" antigens alone was not sufficient to induce T-cell immunity. In another phase I clinical trial, stage IV melanoma patients were injected intranodally with a DNA plasmid encoding several tyrosinase epitopes, resulting in tyrosinase-specific T-cell responses in 11 of 26 patients. It was also noted that those patients that developed an immune response had a prolonged survival in 16/26 patients (105). These trials provide some evidence that it is indeed possible to vaccinate with plasmid DNA, with a resultant enhancement in the immune response.
Adenovirus, vaccinia, and poxvirus have all been utilized as vectors of tumor antigen and gene delivery as part of an immunotherapeutic approach to treatment. Although appealing to use for multiple reasons, several viral vectors are known to induce a tremendous antiviral neutralizing antibody response to the first and subsequent vaccinations, severely limiting the effectiveness of this approach. One exception may be the use of fowlpox viral vectors, which seem to not produce neutralizing antibodies. This recombinant viral approach has been tested in the clinics with several different vectors encoding different melanoma associated antigens and genes (4) . In over 160 patients treated with various viral vaccines, 157 patients had no evidence of a clinical response to therapy, with two patients developing a partial response and one patient with a complete response. The overall objective response rate for the various viral vaccination strategies was found to be only 1.9% (4).
One such approach may be to enhance tumor vaccines with the addition of several co-stimulatory molecules. Viral vectors expressing a triad of costimulatory molecules (B7.1, ICAM-1 and LFA-3, designated TRICOM) have been designed for early phase trials. Kaufman et al. have examined the use of a recombinant vaccinia virus expressing the human B7.1 gene in patients with unresectable melanoma (106) . This early phase trial is designed primarily to evaluate the toxicity of the vaccine and the ability to generate melanoma-specific immunity. Other similar trials will examine the therapeutic efficacy of recombinant vaccinia/TRICOM, recombinant fowlpox/B7.1 and fowlpox/TRICOM (107, 108).
T-cell-Based Therapy +/-(Non)Myeloablative Therapy
Non-myeloablative T-cell-based immunotherapy involves the adoptive transfer of highly selective tumorreactive T-cells directed against over-expressed selfderived differentiation antigens after a non-myeloablative conditioning regimen. Initial results of 13 treated patients with metastatic melanoma have yielded some very exciting results, with 6 of 13 patients exhibiting an objective clinical response and four others demonstrating mixed responses, with significant shrinkage of one or more metastatic deposits (109) . In a recent follow-up study of this early trial, cancer regression in patients with refractory metastatic melanoma with large, vascularized tumors was noted in a remarkable 18 of 35 patients (51% response rate), including four patients with a complete regression of all metastatic disease (110) . These highly selected patients were treated with the autologous transfer of anti-tumor lymphocytes after lymphodepleting chemotherapy, experiencing an objective clinical response. In analyzing the immunologic response to treatment, it is likely that such results stem from the ability to infuse a large number of fully activated tumor infiltrating lymphocytes with anti-tumor activity into a host that is depleted of regulatory T-cells.
WHAT DOES THE FUTURE HOLD FOR PATIENTS WITH MELANOMA?
The successful immunotherapy of patients with metastatic melanoma remains a considerable challenge to researchers and clinicians worldwide. Indeed, the treatment of metastatic melanoma patients is exceedingly difficult, with almost all patients eventually dying of their disease. Novel approaches to therapy are essential and will likely combine several different treatment approaches in an attempt to increase the response rates to treatment. In treating patients with bulky, stage IV melanoma, we may be asking too much from the tolerized host immune system to overcome such barriers as tumor-induced immunosuppression. It may be essential to first perform complete cytoreductive surgery as part of multimodal approach to therapy. Once the bulk of the disease has been surgically removed, immunotherapy will then be utilized to focus on the elimination of microscopic disease. This may be approached through the selective, and possibly combined, use of targeted therapy with the possible addition of other novel adjuvant vaccination strategies. It has become clear that the task of developing of an effective treatment for patients with melanoma will not be easy. There remains numerous challenges ahead in both advancing our understanding of the immunology of the tumor/host immune response as well as developing new immunotherapeutic approaches as our understanding of tumor microenvironment improves.
